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ABSTRACT: 26 Salmonella enterica serovar typhi is the causative agent of typhoid fever in human. The available 27 vaccine lacks the effectiveness and further overuse of the antibiotics throughout the past decades lead 28 to the emergence of antibiotic-resistant strains. To reduce the spread of antibiotic resistance, it is 29 essential to develop new vaccines. In this study using an extensive bioinformatic analysis based on 30 reverse vaccinology and subtractive genomics-based approach, we searched the genome of S typhi. 31 We found that two outermost membrane proteins LptD and LptE, which are responsible for the final 32 transport of the LPS across the membrane having most of the essential signature for being vaccine 33 target. Both of these proteins are found highly conserved and possess shared surface epitopes among 34 several species of Salmonella pathogens. This indicates that these two proteins could be the potential 35 target for vaccine development, which could be effective for a broad range of Salmonella pathogens. 36 37 Keywords: Reverse vaccinology; Subtractive genomics; LPS transport; Salmonella typhi.
Introduction:
Salmonella enterica serovar typhi (S typhi) is a gram-negative human-restricted pathogenic 39 bacterium that is the causative agent of an acute febrile illness known as typhoid fever. The World 40 Health Organization (WHO) recognizes infection by S typhi as a persistent threat in developing and 41 underdeveloped countries. The CDC reported that, globally, 22 million people affected by S typhi 42 annually, resulted in approximately 600,000 deaths [1] . Mechanism of the pathogenesis of S typhi is 43 still not completely understood. Consequent use of broad-spectrum antibiotics revealed the 44 emergence of multi-drug resistant strains which is a major public health concern [2]. Vaccination is 45 the most effective way, which can help to reduce the spread of antibiotic resistance. The resistance of 46 the vaccine is very rare because pathogen populations create less variation for vaccine resistance than 47 they do for drug resistance. The main underlying principles behind it that vaccines tend to work 48 prophylactically by inducing immune responses against multiple pathogen proteins (antigens), and 49 various epitopes on each antigen while drugs tend to work therapeutically by interfering with a 50 specific step in a particular metabolic pathway [ [18] . 67 In this present study, we have developed reverse vaccinology and subtractive genomics based 79 We retrieved the protein coding sequences of four strains (NC_003198.1, NC_016832.1, 80 NC_021176.1, and NZ_CP012091.1) of Salmonella enterica serovar typhi from RefSeq database. 81 We have performed the pan-genome analysis and those genes which are present in all of the four 82 strains of S typhi were considered for our studies. 92 Virulence factors are molecules synthesized by pathogens that contribute to the pathogenicity to 93 infect the host. We predicted the pathogenic ability of the S typhi essential proteins using MP3 server 94 (http://metagenomics.iiserb.ac.in/mp3/index.php) [21] (Gupta et al., 2014) . This web-server predicts 95 pathogenic and virulent proteins using an integrated SVM-HMM approach with high accuracy. . In the present study, all interactors with low confidence scores i.e., less than 134 0.400 were screened in order to avoid false positives and false negatives. Only medium and high 135 confidence interactions with not more than 50 interactors were included in the interaction network. 136 The protein networks constructed for selected proteins were then analyzed using Cytoscape 2.8.1 137 [33]. In order to evaluate the importance of the query node, each node in the protein network was 138 deleted one by one and the change in clustering coefficient was analyzed [34] [35] . Pathogen-specific 139 essential proteins important in the metabolic network were regarded as potential targets. . We have found all of these three proteins have a 174 molecular weight less than <100 kDa. Interacting partners of a protein at the cellular level can reveal 175 many important signaling pathway-stimulating factors and some crucial cross-talks between potential 176 therapeutic targets. Our protein interaction analysis revealed all these three proteins interact with 177 each other and involved in bacterial LPS transport. The topological analysis of the constructed 178 network indicate that all these three proteins interacts with other essential proteins involved in many 179 important pathways for pathogen survival. In order to evaluate the importance of the each of these 180 selected proteins, each protein in the network was deleted one by one and the change in clustering 181 coefficient was analyzed. We found that all of these three proteins are crucial and deleting one node 182 change the clustering coefficient. Next, we analyzed these three proteins to find the potential 183 epitopes. We predicted that LptD and LptE both of these proteins contain multiple epitopes, and each 
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